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The PRESIDENT : "We are now in a position to resume the
discussion on Mr. Mark Eobinson's paper, " On the Eecent
" Development of Single-Acting High-Speed Engines for Central
" Station Work."

Mr.siemens. Mr. A. SIEMENS : I think it is a singular coincidence that on
this day, the anniversary of Mr. Willans's death, we are discussing
his engine. I should not occupy your time at all if Mr.
Robinson had not mentioned my Newcastle paper, and the figures
given there. I would draw your attention again to this—that
they were not test figures for show trials, but they were the results
obtained in the regular work of the central station at our works
at Woolwich; and with regard to the results obtained by the
Belliss engine, I would specially observe that that engine was the
very first of its kind which had been made by Messrs. Belliss, and
that it is natural that later engines would show better results
than the one about which I spoke at Newcastle.

Mr. Mr. N. CHANDLER: I have a few remarks to make upon
Chandler. r

certain matters of detail, having been kindly invited by the
President and Council to do so. There are one or two points
in Mr. Robinson's happy paper with which I cannot quite agree.
First, he states that the slide valve rings are not " steam packed."
Now, if they are not steam packed, what prevents them from
collapsing during their transit past the port-holes in the
"trunk"? It would appear pretty certain that there must be
considerable pressure inside of the rings, or else they would
collapse and leakage would take place, and reduce the splendid
economy of the engine. It would be most interesting to all
advocates of piston valves to know what really are the conditions
of pressure at the back of the valve rings. Then, again, he
tells us that steam is admitted to the space behind the piston
rings, and this steam, assisted by the thin junk ring, or
" follower," keeps the rings in constant thrust downwards.
This, of course, is true; but the same conditions are arrived at
with the old-fashioned piston which is illustrated on the
blackboard. We will suppose this piston to be single-acting.
Seeing that this old piston ring has steam behind and on top

• of it, this ring should not wear itself or the cylinder walls
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any more than is the case with the Willans or any other single-
acting engine having the same steam cycle. The cause of
longevity of the cylinders and rings in single-acting engines
is owing to the fact that only through the down stroke are the
rings exerting considerable pressure on the cylinder walls.

Therefore wear is taking place during only half of the revolution
of the crank. Thus, if the piston speed happens to be 500 feet
wear is taking place only over 250 feet of i t ; and this applies
to the engine with which my name is connected, and which has
precisely the same steam cycle as the Willans engine. Referring
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Mr. to the sketch on the board, the white, spacesat'the baok of the
Ohaadler. . , i . ' .

old piston ring represent steam space, and the piston is supposed
to be very much worn or a very loose fit in the; cylinder; and
therefore steam is on the top of the piston ring and at- the back
of it, forcing it outwards and downward,.. thus causing a
comparatively steam-tight joint. During the up stroke the
piston flange would force the ring upward; and when it gets
near the top, centre compression would still exert a downward
pressure until the new steam entered and forced it still harder
outwards, and downwards on to the bottom flange of the piston.
I have known a very old and badly worn engine working under
these conditions. I simply mention this to show that *not only
the most modern pistons of the day, but also the most ancient,
sometimes work under the same conditions.

Mr.Morcom. Mr. ALFRED MORCOM : I am rather at a loss as to the manner
of my reply to Mr. Robinson's paper, as he has referred so
extremely politely to the Belliss engine in three or four points.
But it has been pointed out to me that the whole tenor of the
paper was to condemn it quite as much as any of the other
engines to which Mr. Robinson has been referring. Now I may
say at once that we have proved conclusively that in all the
points Mr. Robinson has referred to later on, we have an engine
that is at least as good as the Willans. I shall prove my words
further on ; but I think it will be useful to deal with the matter
historically, as far as my time will permit, in the same way that
Mr. Robinson has done, and show why our engine was designed.
We have been building high-speed engines, running up to quite
as high a number of revolutions as the present electric light
engines—I suppose 500 or thereabouts—for all kinds of powers
for a matter of nearly 30 years, and we knew what the double-
acting could do and what it could not do. When we were
brought face to face with the necessity of devising an engine
that would run continuously for station work.at the higher speed,
we naturally looked at the single-acting engine as a possible
means out of our difficulty. We were building them for the
Navy, and, of course, our first view was in that direction. The
things we saw there, as far as the single-acting engine went, were
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certainly discouraging. Now I do not' want to. say one word MrMoroom.
that will in anyway annoy Mr. Robinson; I shall merely refer . ..
to facts, and his reply to them will be, I have no doubt, helping
his view. The engines for electrical purposes in the Navy some
years ago were nearly altogether single-acting engines. The
Admiralty latterly, owing to the early difficulties that occurred
with .single-acting engines, permitted double-acting engines to be
used at the same time, but they would not permit them to run at

. more than about three-fourths the number of revolutions-^a very
serious handicap in price. Gradually reports came in from one .
station after another as to serious collapses of the Willans engine
-^-lines of valves coming down, crank-shafts breaking, pistons
smashing altogether; in fact, I may say—I cannot answer for
this; I have had" it from the officer in charge of one of the
foreign yards—that they were not able to repair Her Majesty's
ships in a proper way because the Willans engine took up so
much of their time. That may be exaggerated, but the fact
remains that at the present time the Admiralty—and not only the
Admiralty, but a number of other Governments—will not have
a single-acting engine on board ship to drive the electric light,
because of the disasters that have occurred. But the double-
acting engines have been going through just the same duty along-
side of them, and they have not shown these collapses or
difficulties. We started with that before us, and we had to
consider what our double-acting engine was doing without forced
lubrication, and what it might do with a system of good
lubrication; and we finally made the arrangement as we now
have it—that is, pumping the oil to every bearing of the engine,
keeping it there under pressure, and letting it work out its benefit
in its own way. The benefits derivable are, in the first place,
durability; and, 'in tHe second place, and largely, economy.
The points we looked at were these: Taking the single-
acting engine as;it stqod, as compared with the double-acting
engine, there was always the fact that you had twice the
area of piston, which means double the strain along each rod,
double the^ pressure on every bearing, and, therefore, under
ordinary circumstances, double the wear. Mr. Robinson has
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referred to the constant thrust as being such a favourable feature
in the engine. This constant thrust is a thing that I many
years ago had some experience with in the oil-testing machinery
at one of the dockyards. There we had an arrangement made
with a half brass bearing on a journal, which was running
underneath it, and the oil to be tested was let in through the
upper part of it. We had a dead weight put on to give
pressure, so that the fitting was, as in the Willans engine, a
dead thrust on the bearing. Marine engineers knew long ago
that the thrust of an engine requires to be specially looked
after, because there is so little easement to permit the oil to
enter. But in this oil-testing arrangement we could never get
the thing right until we fitted a small arrangement to jig it up
and down—making it, in fact, like a double-acting engine—and
then it would work well with a tenth part of the oil. Those
were facts that certainly helped us along to decide this design
of double-acting engine, knowing that we were going to come
somewhere near, if not up to, the Willans. We designed this
engine with the foregoing facts in view, and it is there, for
good or bad, to be compared with Messrs. Willans's engine. To
make the comparison clear I will just take up the points that
Mr. Robinson has referred to one by one, and see how we have
fared. First, as to economy.

BELLISS-CROMPTON COMBINATION FOR ST. PANCRAS.

Result of Six Hours' Water Consumption.

Hour.

1

2

3

4

5

6

Mean

Steam
Pressure.

123 3

123

121-75

121-5

120-5

1205

121-75

I.H.P.

H.P.
Cylinder.

85-78

85

8693

858

85 57

86-97

860

L.P.
Cylinder.

115-89

117-23

11498

116-77

115-77

113-58

115-7

Total.

201-67

202-23

201-9

20257

201-34

200-55

201-71

E.H.P.

178-6

178-8

1791

177-2

178-8

177 6

178-35

Water per

I.H.P.

18-0

173

17-5

17-5

17-48

17-7

17-58

E.H.P.

2035

19-66

198

199

19-69

19-98

1989

Hour.

3,635

3,516

3,550

3,539

3,521

3.550

3,551-8

E.H.P.
I.H.P.

Efficiency.

88-5

88-4

88 7

87-47

88-8

88-5

88 39

I have got here the figures of a trial of one of the sets of
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engines for St. Pancras that have been recently made under Mr.Morcom.
conditions very parallel to those that obtain at Thames Ditton;
in fact, we have copied their testing arrangement as accurately as
we know how to do it. The tests were made in the presence of
Professor Eobinson's assistants. There were four gentlemen, in
fact, looking very keenly after them, and I have no doubt they are
very accurate. There were three engines of the sort. The results
are so similar as to leave no doubt that the figures are practically
correct as they stand on the paper. You have there an engine
certainly as good as we can make it at the present time, and it
shows with a pressure of steam of about 120 lbs. that the water
per E.H.P. has come out to a mean of 19*89 for an average of six
hours, running under fall power. The power we ran the engine
at was about 10 per cent, higher than the maximum power
required at the station. There is an extra full power required
occasionally; but, as we had to set our slide valves to that, we
preferred to run the engine at this power, to get the best result
possible. The result is, I think, at least as good as the Willans
engine can do with that pressure of steam. Taking the dynamo
efficiency at 96, which the makers give it—and certainly
from the magnificent way in which it ran it was well worth that
efficiency—the efficiency of the engine is 92, the higher figure
that Mr. Robinson spoke about. We have had numbers of other
trials before different gentlemen giving similar results; but we
have not been able at present to have the trials made in the same
way as at Thames Ditton. I hope that when we have the new
test house we are building completed we shall be able to show
the results in a more complete way; but there is no doubt about
this fact—that there is not a halfpenny difference between the
two engines as far as economy goes ; and you may take my word
for it at present that it is no use paying any more for it.

As far as durability goes, Mr. Siemens has referred to the
engine that he has spoken about at Newcastle. That, of course,
was one of our first engines. I wish it had been, considering the
position it is in, one of our last. But I may say, in passing, as far
as the economy goes there, our engines show up much better for the
low loads than the Willans engine, which, however, appeared to
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Mr.Moreom.be better for the high loads. We had a two-crank engine with
cranks opposite, against a Willans-Robinson three-crank; but
the vibration question came in, and we had, as a matter of
experiment, to put on our exhaust, lap enough to bring on
compression to steady the engine. The amount of exhaust lap
that was on was so great that the diagram showed only about
4 lbs. and a decimal on the exhaust side of the low-pressure
cylinder. The diagrams recently sent, since they have had the
engines put right and the lap taken off, show 8 lbs. There is a
matter of 3£ lbs., which, with other minor adjustments, would
have brought the engine quite up to and beyond what the Willans-
Robinson engine was for the full power, and we should also have
more largely beat them at the small powers. The question, of
course, there is dependent upon the serious amount of friction
there is in the numerous rings of the Willans engine.

There is no use in comparing the parts of the engines as
they existed in the trial made at Messrs. Siemens's works,
but the parts of the Willans engines are far and away more
numerous. The rings are, as Mr. Robinson has pointed out,
greatly more numerous, and I believe he has put his finger
on the reason why our engines showed up better at the low load-
But that question of piston-ring friction is a big question, and
it is going to be a much bigger one by-and-by. At the present
time super-heating is largely in the air, and I think that I
should be willing as an engineer to predict that in the next
year or two super-heating will be very largely in electrical
stations. When the super-heating comes in, the rings and
the friction that they may have will be a very different thing to
what they are now. The necessity for cylinder lubrication will
also be of more importance there; and especially if they are
going to put water-tube boilers in, there will be an absolute
necessity to keep the lubrication out of the boilers. In fact,
if condensing and super-heating come in, the Willans engine,
with its numerous piston rings, and with its general capability
of putting oil into the boilers, will stand the worst chance. I
am, of course, saying all I know—and perhaps I do not know all—
in favour of the doubleracting engine as against Messrs. Willans's
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engine in particular. As far as governing goes, one would say off Mr,wwcorih
hand that a double-acting engine ought, having two impulses in the.
revolution, to be a better engine than a single-acting for
governing; and I have seen some single-acting engines where
it has been necessary to throw the governors out, and to govern
the station by means of an engineman at the throttle. I think
Mr. Robinson has pointed out the impossibility of a double-
acting engine doing as well as a single-acting engine as far as
the governing goes. We had not taken much trouble about them,
because we have not had any difficulty in doing all that people have
asked us. Daring the last three months, however, we have turned
our attention to the point; and I think Mr. A. H. Preece can say,
having seen some experiments at the works the other day with
regard to governing, that they could not be excelled by any
single-acting engine. It showed simply that the governing by
throttle was isochronous when the load was thrown off from a full
load to nothing all the way up. It did not vary more than a
revolution or two, and the run up—which was the great poin.t we
were trying to improve—the sudden run up when the load was
thrown off—only amounted to about 3 per cent. You do not want
better governing than that, and it can always be repeated in this
double-acting engine. As far as vibration goes, the last time I
saw the diagram on the wall was in this same hall. Mr.
Robinson brought his six-crank engine forward, not as a marine
engine, but in connection with the subject of vibration. • We
attacked the problem put before us, of endeavouring to stop the
vibration in an engine for a central London station, and I think
we shall do it yet. But the engine we put in, although it
entirely did away with the rocking moment, did not avoid the
up and down thrust due to obliquity of connecting rods; and
there is no doubt, as Mr. Robinson says, the up and down thrust
is more important than the rocking moment—on concrete, at
any rate.

Fig. 14 shows very well the nature of the alteration we are
going to make to the engine to endeavour to put it right—that
is, to reverse the connecting rod, and, in that way, to get &
perfect balance. The engine is coming back to us$ to be replaced
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by Messrs. Willans's six-crank sets, I am sorry to say, and we are
going to modify it and see what we can do; but I am perfectly
sure it will give a much better result. If it does not, we have, as
an alternative, at least a three-crank equal-angle engine; and there
is no reason why a three-crank double-acting engine at equal
angles should not be at least as good, as far as vibration goes,
as any single-acting engine. There is nothing in the single-
acting engine to give it a benefit there; but, on the contrary, the
double area and consequent increase of moving weights will tell
against it.

I have been obliged to speak out as I have done, in reply to Mr.
Kobinson's references, because we have been behind the scenes,
and people do not know us. Messrs. Willans have been in the
front. They have done excellent work; they have supplied a
want when it was needed, and they are earning the result. If
Mr. Robinson had left my engine alone here, I should not have
been on my legs; but he has spoken, and I must answer. And
I myself am perfectly satisfied with my answer. I feel that we
are making progress, and I am content to let the engine rest on
its merits, and make its progress only by its merits. With
reference to my remarks about the Navy, I hope it will not be
believed that they have been made altogether in bitterness of
spirit. I have mentioned the fact because it is, in my mind, a
very big one. There you have the engines put together in a
place where they certainly will not get the attention they can in
a central station, but the single-acting engines are getting the
same attention as the others. They fail right and left, and are
being pulled out on this account, to be replaced by double-acting
ones. This seems to show conclusively that a double-acting engine,
as far as design goes, is the simpler and better one. If we can,
by means of forced lubrication, do what I have said, we get
noiselessness such as theirs has, and we get durability at least as
good as theirs. The engine at Messrs. Siemens's I saw myself
opened up. It had been running two years. The bearings were
not altered. There had been no wear, and no adjustment
necessary. The engine which has just been taken out of the
station I am referring to, on account of its vibration, was looked
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at very critically and carefully for signs of wear, and I am
perfectly sure that the gentlemen who are in charge of the
station are as impartial as it is possible to be—at any rate, they
are not more partial to us than to the other firm whose six-
crank eiigine is replacing our opposite-crank one on account
of vibration. The gentleman who inspected the engine thought
it his duty to send us a letter—he had previously expressed
surprise at the absence of wear—to tell us how pleased he
was with the way the engine had opened up. They had
done nothing whatever to it since we left it in their hands,
and it was in absolutely perfect condition when we took
it back again—that is, as regards durability. The economy is
shown by the table on the board, and further tests I hope at
some time or "other will be carried out to show still better
results. I simply ask, Where is the quality in the single-acting
Willans engine that should make it better ? Ours has only been
about three years in the market. It has been through its
childish troubles. It has had the little defects due to new
designs. Piston and piston rod, packings, and the shape and
thickness of the casings had to be altered, and a number of other
minor things, and the engine at present is in a far more perfect
condition than it was. Although it is impracticable to challenge
Messrs. Willans to have a public trial, I should be very glad
indeed if one could be made on the lines that Mr. Siemens
arranged, to determine the relative merits under the several
heads referred to. That would serve to satisfy electrical
engineers that they have another engine, at any rate, that can do
them thoroughly good service.

The PRESIDENT : I think it would preserve the proper fitness of ^ggi

debate if some large user of the "Willans engine would now give
his experience. Mr. Wright is a large user: perhaps he can tell
us something.

Mr. ARTHUR WRIGHT : I am afraid my remarks will be very Ml-
J J Wright.

uninteresting. I have 2,000 H.P. of these engines under my
control, and have had no bad experience at all. I can say
nothing that is not complimentary, and compliments are hardly
the subjects for a^discussion that will be interesting to a meeting
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Mr. Wright, like this. I have no fault to find with the engines, having never
had a mishap with them. All the eight engines are attended to
by two men and a lad. As to economy, the results show that we
at Brighton can do as well as other people.

Mr. Haipin. Mr. DRUITT HALPIN : I will only refer to one or two points.
At the last meeting we heard some very high figures indeed
about brake efficiency. I have never had one of these single-
acting engines on the brake, and I do not know about their
efficiency. We heard a good deal about the common or garden
engine running into what seemed to me to be fabulous
efficiencies of 91 and 92, and I think 94 per cent, if I am not
mistaken; and I certainly cannot believe in figures of that kind
unless I am given the means of verifying the statements made.
Of course, as we know, there is nothing that will lie more
consistently than an indicator, except, naturally, a voltmeter or
an ammeter. We also know that it is very easy to get very
wrong indications with the brake. There was great trouble and
scandal, as we all know, some years ago about the question of
the brake, and it was shown that most brakes were all wrong, and
all the results got from them were incorrect. I will tell you one
thing that makes me doubt these high efficiencies. I saw an
engine capable of braking 30 or 40 H.P. I saw that engine
running ernpty, just turning round and well warmed by steam.
She had been running then pretty freely; three powerful
men, when the engine stopped, separately took hold of
the fly-wheel and shoved it round, to see how far they
could make it revolve, and one of them, either by superior
strength or skill, after he let the wheel go (and we

• noted it carefully), got three revolutions out of it; so that
there was not much wrong with that engine as far as friction
went. She was about as free as an engine could be made.. That
engine, on careful braking and careful indicating, barely ran into
90. She did not go into 91, but only just barely into 90. With
reference to what has been said about the oiling, and the neces-
sity of having reversal of stress at the end of the stroke, with the
change of stress to enable the engine to run, I remember, in.
discussijjg the same subject once, with the late Mr. Belpaire, the-
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chief locomotive engineer of the Belgian State Kailways, he said Mr.
his view was that railway travelling- would be absolutely im-
possible, merely from the point of view of the lubrication
question, if it were not for the slight tremors produced by
the rail allowing the lubrication to get in to the bearings;
or that otherwise the whole thing would stop, and no efficient
system of lubrication could be maintained. But I certainly
cannot agree with the last speaker that it is necessary to have
this perfect reversal of stress to get lubrication in, and I have
seen and read Mr. Siemens's paper with very great interest, about
the results of the double-acting engine; but I must say myself,
for continuous high speed I do not see, even with the very elegant
system of lubrication there introduced, how they are to keep it
continuously and successfully running, in spite of all the good
workmanship.

The PRESIDENT : If there are any engineers present, we should The
J ° r ' President

very much like to hear them speak. They are the gentlemen
whose experience we most wish to have on the matter. It is the
gentlemen who work the engines whose opinions we. want to hear.

Mr. (XEIPEL : The paper which Mr. Robinson has put before us Mr.
bristles with information and points which are of the utmost
interest to practical electrical engineers. There are one or two
points in the paper, however, to which I will refer, with a view to
obtaining even more information from the author. In the first
place, ̂ in speaking of the costliness of slow-speed direct-driven
steam dynamos, I take it Mr. Robinson refers only to first cost;
otherwise, is it not somewhat previous to state that high-speed
will last as long as slow-speed engines ? We know that there are
slow-speed engines which have been at work for 42 years
and upwards which are running at the present day; that the
Willans or any other high-speed engine will do this has yet to
be proved. If they will not last so long, then it is necessary to
take into consideration whether the earlier renewal of the one
will balance the increased first cost of the other.

We all know how seriously the cost of electric supply is
increased by the lying idle of so large.a fraction of the plant as is
necessary to meet the too short periods of heavy load; and if
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Mr. Geipei. there is a doubt as to the lasting powers of high-speed engines,
when worked continuously, might it not be advantageous to
combine the two systems so that slow-speed engines are used for
the light loads, while high-speed engines are used for that part
of the plant which is chiefly idle, the first cost of which, owing
to its being so large a fraction of the whole, is so important
a factor in the cost of supply ? For that part of the plant, dura-
bility would be less important, of course, owing to the compara-
tively few hours of use per annum.

Mr. Kobinson refers to the difficulty of overcoming the
vibration, so far as concerns the one- and two-crank engines, and
recommends the three-crank double engine. This, of course, is
not a question which greatly concerns the users of high-tension
systems, who can generally put their engines in distant places
where vibration is of little moment. But is the method of
overcoming the vibration advocated not a further argument in
favour of the use of slow speed for the light-load engines ?
I doubt if Mr. Robinson himself would advocate the use
of two engines, each having nine cylinders—that is, 18 cylinders
in all—for the purposes of driving the light loads.

For tramway work, the author correctly emphasises the
necessity of engines considerably larger than are required for the
mean power, and in paragraph 23 he refers to the higher
mechanical efficiency of double-acting engines at light loads; I
agree with the author in this, and believe that for such work the
double-acting engine is best—at least, in this respect.

The necessity of using powerful governors and giving them
next to nothing to do, mentioned in paragraph 49, cannot be too
strenuously dwelt on. The makers of throttle-valve governors
are too prone to cut down the weight of the balls. There is no
part in an electric light engine which is more important, and to
which probably less attention has been paid hitherto, than the
governor. I agree with the author as to the desirability of using
plenty of fly-wheel power to control the engine in the event of
sudden variations in load, though I do not believe that the fly-
wheel has so much steadying effect on the governor as he states ;
in fact, if there is any undue friction in the governor, it is
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conceivable that the jerky rotation due to a light fly-wheel would Mr.
assist the balls in overcoming any extra friction, which might
otherwise cause hunting. The great sensitiveness of shaft
governors is, in my opinion, partly attributable to a continual
variation in the strains on the parts controlled by the balls:
probably at certain moments in each revolution there is
comparative absence of friction, so that the balls are free to move
the eccentric to its proper position. Anyhow, speaking from
experience, I have found shaft governors, notwithstanding the
heavy work entailed on the balls, to give closer governing than
throttle-valve governors.

Mr. J. N. SHOOLBRED : There are one or two points in this Mr.
r . Shoolbred.

valuable and interesting paper to which I would like to draw
attention; having myself had the advantage during some length
of time past of seeing these engines at work. In doing so,
however, I am afraid that I cannot eulogise the Willans engine in
the same wide terms as Mr. Wright has just done.

One point is raised in the paper, and it is one that has been
recently discussed before the Institution of Mechanical Engineers,
viz., the question of expansion versus throttling valves.

The large amount of throttling of the steam required with
the Willans engine has always seemed to me to be a certain
blemish in the use of that engine ; for it practically means that,
in order to use the Willans engine economically, it must be kept
pretty fully loaded. It does, besides, seem rather anomalous that
steam should first be demanded at a very high pressure, in order
then to throttle down that steam, and make use of it at a loss in
its pressure of from 25 to 75 per cent. The remedy for this
throttling of the steam pressure with light loads lies in keeping
the engine as fully loaded as possible. Several expedients may
be made use of to effect this object,—one being a suitable
arrangement in the relative sizes of the engines used in central
stations; the various sizes selected being such, that the effect
of the successive addition of engines with the increasing load, or
of withdrawals with the diminishing load, is to ensure that the
engines at work shall always be loaded somewhere between 75 per
cent, and the full of their power.
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*' .Another valuable adjunct in effecting this "full-loading" of
the steam engine is found in the aid given by the storage battery,
which can be thrown in to the. assistance of the engine, or not,
as required. Eeferences have been made of late, in the
newspapers, to the assistance thus afforded by storage batteries
at the central station at Pontypool; the special interest being
due to the smallness of the installation, and to the economical
results, in working, which, seem to. have been arrived at. In
estimating, however, the financial advantages to be derived from
these storage batteries, the. original value, as well as the amount
of their maintenance, should not be lost sight of. But this is
hardly a point for discussion in connection with the present paper.

There are, however, some points, such as absence of vibration,
of silence, and of steadiness when running, upon which the
Willans engine is more satisfactory in working than is the double-
acting vertical engine—at least, with such engines as I have had
an opportunity of comparing them. The vertical double-acting
engine, even of good recognised make, has proved itself to be
inferior to the Willans in the above particular cases—much to the
surprise certainly of myself, and also of others who anticipated
quite a different result.

The Willans engine is sometimes spoken of as " the engine of
"the future;" it appears to me, however, rather to be " the
" engine of the present." I cannot but think that, the more we
get into larger sizes of engines, the more the double-acting
engine will be used—more so. even than the Willans—and for
this reason: At the present moment, we will say between 50
H.P. and 500 H.P., the Willans engine, being single-acting, has
only half the number of steam faces that the double-acting
engine of similar power would require, and in the latter engine
these would, in some cases, become inconveniently small; not to
speak of the various valve gear in the double-acting type of engine.

With the double-acting engine, however, in the larger sizes—
say from 500 H.P. to 1,000 H.P., and over—the increased number
of steam faces would become an advantage, as each of them
would be relatively small in size and more handy, when compared
with those of the single-acting, engine. Hence, possibly, there
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would be a more extended use of the double-acting type iti thes"e Mr.
rt Jir Shoolbred.

larger sizes.
In this view I am supported by several well-known makers of

marine types of vertical engines, who, in conversation witfe
myself, have admitted that below 500 H.P. the Wjllans engine
has a superiority, but above it—say up to 1,000 H.P. at least—the
vertical double-acting will prove probably the more successful.
As to what may be the type of the future for engines above
1,000 H.P., for use in central stations, I cannot pretend to say.

In any case, whatever be the particular value of the Willan-s
engine, we must all admit that it has lendered during the early
days of electric lighting invaluable service. It has filled the gap
which presented itself to us, when we found ourselves at the
limit, so to say, of the earlier used agricultural engine, and when we
had before us the larger and more complicated problem of central
station lighting; filling a void, and rendering us assistance in a
way in which no other engine, then available, could have done.

In conclusion, I may, I think, venture to say, that, Whatever the
merits or demerits of the Willans engine may be, all of us who
are interested in the practical applications of electrical science
must acknowledge, that we owe a debt of gratitude to the
ingenuity and mechanical skill of the late Peter William Willans,
and likewise to his collaborateurs, who have so ably seconded him
by further developing and improving the single-acting engine,
which was the outcome of his scientific researches.

Mr. R. W. ALLEN : As a designer of double-acting engines Mr. Mien.
for many years, I should like to give Messrs. Willans &
Robinson credit for setting us the example, not only in designing
double-acting engines, but also for the great excellency of
manufacture, which is a most important point. I lay great
stress on the crank-shaft of an engine, whether single- or
double-acting. The crank-shaft is really the basis of an engine.
There are very few men who can really turn a crank-shaft
true; and unless a crank-pin is true, then there is no doubt
trouble will take place. Moreover, it is impossible to obtain
these high efficiencies which have been shown to us unless the
greatest care is taken in the manufacture of every detail. I
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Mr. Aik.i. should like to make one or two remarks about Mr. Morcom's

observations. There is no doubt his engine has only been

designed in t h e last couple of years, and tha t when he designed

his engine he did as we have done ourselves: we have had a

section of a Willans engine in front of us, and taken grea t

advantage of Messrs. Willans & Robinson's experience of t he

last 15 years. Tha t has not only helped us as a small com-

muni ty , bu t i t has helped the world a t large in designing not

only small, bu t large engines. What Mr. Morcom said with

regard to t he Navy is t rue , bu t of course those are circumstances

over which I do not th ink Messrs. Willans & Robinson can

have any control. As illustration, I may say tha t the other day, in

a ship in t he Merchant Service which had been lying in port for a

few days, water had accumulated in the steam-pipe, and the engines

were working at full load; and the n igh t before sailing one of the

engineers turned on the wrong cock, and, instead of the water

going into t h e condenser, i t came r ight back into the engine,

and the engine was completely doubled up. This would take place

jus t the same in a single-acting as in a double-acting engine.

I used to look upon the Willans engine as a philosophical

ins t rument , b u t i t has now been proved to be one of t he most

scientific engines of the day.

Mr. Dumas. Mr. R. DUMAS : Although I have not had anything to do with
central electric lighting stations, I have had a little to do with
the Willans engine on board some of Her Majesty's ships, and, as
far as my experience there is concerned, I will only say that the
interchangeable system of manufacture employed by Messrs.
Willans & Robinson was found to be of very great advantage.
It is only fair, however, to state that my experience was gained on
contractors' trials; and though some of these (due to difficulties with
main engines and boilers) were spread over a considerable period
of time, yet the time was not sufficient to get average results.
I believe that since then Messrs. Willans & Robinson have
strengthened the pistons.

There are one or two points in the paper to which I should
like to call attention. Taking the three points to which special
attention is directed in the order in which they are given at the



1895.] DISCUSSION. 509

end of paragraph 11, I will first make a few remarks about the Mr. Dumas.-
packing rings. With reference to the piston rings, it is rather
surprising to find that steam packing has been so successful, sincfr
it has been tried, and abandoned, by so many others. The only
conclusion one can come to is that some essential point has been
overlooked in previous designs. With the piston rings exposed
to the varying pressure of steam in the cylinder, it might be
expected, in cases where the lubrication is not very efficient, that
the wear in the upper part of the cylinder would exceed the wear
in the lower part. Perhaps Mr. Robinson, in his reply, will be
able to tell us whether he has come across any such cases. That
the amount of lubrication has an important bearing on the case
is evident from the laws of the transmission of pressure in fluids,
and also from paragraph 13, where it is stated that rings of the
old design could be started collapsing by increasing the oil supply.
With an ample supply of oil, it is probable that no variation in
the wear of the different parts of the cylinder would be found.
The gland rings would appear to be pressed most against the
valve trunk during the up stroke and the latter part of down
stroke. Now, with regard to the piston valve packing, Mr.
Chandler has already referred to one point to which I wish to call
your attention ; but I would carry his remarks a little further, and
that specially with reference to the packing rings at the lower
part of the column of valves. It is evident that the pressure in
the interior of the line of valves must be somewhere about a
mean between the initial and exhaust pressures. Therefore the
pressure at the back of the lower rings must considerably exceed
the pressure to which they are exposed outside; consequently the
wear at that part is probably somewhat excessive. With regard
to the upper part of the line of valves, I have no doubt that
Messrs. Willans would be quite safe in guaranteeing that the
tool marks would not wear out, say, in five years after the date on
which the engine was started to work, for the simple reason, as
Mr. Chandler has said, that the rings must start collapsing. But
I daresay Mr. Robinson will be able to tell us whether he has
found the wear at the bottom to exceed the wear at the top. I
suppose the reason why no attempt has been made to subdivide

VOL. xxiv. 35
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Hr. Dumas, the hollow valve is that its weight would be increased thereby,
and this would increase the difficulties mentioned in the paper in
the case of throttling engines working on light loads.

With regard to the internal drainage, the coning of the
pistons is at once a simple and efficient way of overcoming the
difficulty as far as the cylinders are concerned, and it is a most
happy coincidence that the strength of the pistons is increased at
the same time. One has only to suppose the coning of the
pistons to be of the opposite sense to that adopted in order to
appreciate the superiority of the latter. In the one case the
piston would act most efficiently in doing the very thing to be
avoided, namely, in spreading a thin film of moisture on the
cylinder walls ; while with the piston coned down at the centre
the moisture disappears down the valve trunk.

With regard to the Cornish cycle, I am of opinion that this is
a most important and beneficial feature in the engine. I was
rather surprised to hear Mr. Tremlett Carter question its
advantages; probably, however, he has, after perusing the paper
at leisure, altered his opinion.

With regard to the air cushion arrangement, I understand
that this is so designed as to keep the lines of parts (of course
excepting the line of valves) in constant thrust, even when there
is practically no pressure in the steam chest. This being so, it is
clear that whatever effective pressure there is in the cylinder is
added to the pressure due to the air cushion, and that the
pressure on the crank-pin must be very severe during some parts
of the down stroke. Probably this has some connection with the
crank-shaft breakages referred to in the paper. Since there is so
little clearance, and, consequently, compression, in a Willans
engine, the valve trunk must for some parts of the up stroke be
in tension. I should like to know if there has been any trouble
with breakages through the bottom row of ports. Doubtless
the air cushion arrangement is very efficient, and it is more
easily adjusted than the compression in a steam cylinder.
In a double-acting engine the compression curve is often
very deceptive, especially when the diagrams from the two
ends of the cylinder are separated. Now that variable expan-
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sion has in some cases been adopted, and that the fall Mr.
pressure is consequently available on the high-pressure piston for
accelerating the parts, there seems to be no reason why an effort
should not be made to get rid of the air cushion. This could be
done by arranging for the valve itself to cut off somewhat earlier
than is at present done, say about 0*6 of the stroke, the release to
take place at 0*9, and compression about 0-83. Naturally, the
clearance volume, and, consequently, surface, would have to be
increased. If it is objected that this would prejudicially affect
the economy of the engine, let me ask what has been the effeet of
letting the steam to the back of the piston rings, and thus
considerably to increase the clearance surface. I am of opinion
that the mechanical efficiency of the engine would be sensibly
increased if the cushioning cylinder could be dispensed with. I
am aware that this would not be possible if a late cut-off were
required, as sufficient compression could not be obtained in the
steam cylinder. The remarks in the appendix on the subject of
jackets are very interesting, and it would add considerably to the
value of the paper if the percentage of steam condensed in the
jackets in the case referred to"could be given; and Messrs.
Willans & Robinson would earn the gratitude of engineers if a
series of trials were made on the same engine over a wide range
of revolutions to show the effect of jacketing on steam
consumption when exerting the same torque.

It appears to me that the answer to the question, "Will
"jacketing pay?" does not in every case depend altogether on
whether the steam consumption is lessened thereby, since there is
a small gain due to the hot water from the jackets being available
for heating the feed water, and, also, a smaller amount of con-
densing water is required. With high-speed engines the saving
referred to would not be important, as only a small percentage of
the steam used would be condensed in the jackets; but with well-
jacketed slow-running engines where condensing water is scarce,
and with marine engines in hot climates, where the condensing
water is warm, the saving would be quite appreciable. In cases
where the hot-well discharge is not used for feeding the boilers
the amount of feed water to be paid for would be reduced by the
amount condensed in the jackets.
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Mr. Head. Mr. JEREMIAH H E A D : In the course of this exceedingly

interest ing discussion the question raised by Mr. Malcolm as to

t h e effective lubrication of t he crank-pins and main journals of

single-acting engines has revived in my mind the memory of

some old experiences. Some 20 years ago, I was so smit ten

with t h a t beautiful piece of mechanism, the Brotherhood engine,

t h a t I not only purchased and set to work several small ones, bu t

I also ordered one much larger than any previously made. I t

had three 20-inch cylinders, and worked with a pressure of 60

lbs. on t h e square inch. I t was pu t to drive a rolling mill, and

ran at 300 revolutions per minute . I regret to say i t u t te r ly

failed in t h e end by t h e continual seizing of big ends of the

connecting rods with the crank-pin. A somewhat elaborate

arrangement was made for oiling. The oil was not, however,

pumped in. I t was merely allowed to run down channels in

the vertical piston rod and the connecting rod jointed therewith,

which produced a considerable hydraulic head a t the crank-pin.

I n addition to this provision, a large impermeator was placed

on the steam pipe close to t he engine, with a view to keeping

the steam always charged with oil. As the crank-pin was

partly bare, and the close chamber in which i t worked was

always full of oily exhaust steam, its lubrication was supposed

to be greatly assisted thereby. Nevertheless, the engine was

a failure, because i t could not be kept from seizing at t he

crank-pin. This experience naturally impressed me very

strongly with the view tha t single-acting engines wherein t he

pressure on the journals and pins is severe and in one direction

only are liable to fail, unless some arrangement is made by

which the oil can be pumped into those bearings at a pressure

at least equal to t ha t upon the working surfaces. I t rust this

small i tem of information may be considered to bear on t he

subject under discussion, and may be of interest to some of

the members.

The « The PRESIDENT : I had the great honour and pleasure of being

an in t imate friend of the late Mr. Willans, and I was one of the

first people who bought one of his engines. I t is 19 years since

I bought t he first Willans engine, and I have been using them
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almost continuously during that period of time. I think that The
J ° r . President,

this paper, which is on the subject of high-speed engines, has
been unfairly criticised in one technical journal. It is suggested
that the writer used his opportunity, in discussing high-speed
engines, to discuss the Willans engine only. I think that every-
one in this room will agree with me that the paper itself is a
complete reply to that. It is perfectly certain that a member of
the firm of Willans & Robinson, who have made such a large
number of high-speed engines, in reading a paper on the subject,
would naturally quote from his own experience rather than from
that of other firms. We should not welcome his paper if he gave
us hearsay evidence. He gives us his own experience, and that
is what we value most. I had over 25 years' experience
in charge of steam engines, and during the early part of that
time I had unpleasant experiences with high-speed double-
acting engines. I was out in India, and I had generally
to let the brasses together myself, because native labour was
not then sufficiently trained to such work; therefore I, of all
men, can well appreciate the difficulties in keeping in order
high-speed double-acting engines, in eliminating the troubles
connected with bearings, and in keeping them free from knocking
and vibration. It was my strong feeling on this point which
brought me into early association, first with Mr. Brotherhood—
whose name has not been sufficiently mentioned in connection
with the paper (for I am sure the firm of Willans & Robinson
would be the first to acknowledge the great services that Mr.
Brotherhood rendered in the case of high-speed engines)—and
afterwards with Mr. Willans; as I have told you, I have been using
his engines for 19 years. I will not touch on many points of the
paper, which will be dealt with better by the writer in his reply.
I do not speak as an advocate of the Willans engine qua Willans
engine, but as a highly successful high-speed engine; as I feel
that high speed has been the making of us electrical engineers,
and that if it had not been for high-speed engines being
introduced, we should not have made such progress in our
central station work as we have done. I think that Mr. Morcom
and Mr. Chandler will agree with me when I say that the great
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The trade that has been made, and that is likely to be made, in high-
President. ' J ' °

speed engines is owing very greatly to the Thames Ditton firm.
Mr. Eaworth, in his very humorous speech at the last meeting,
objected to the Willans combination, because, he said, it was such
a puzzle to take down and re-erect. I must say I do not
understand this. I am in charge of a great many of these
engines, and they have always been taken down and put together
again by labour much more unskilled than is usually employed in
such cases. There are lots of men who are trusted to take down
and put together a Willans engine who are not fitters in the
usual sense of the word, and would not be trusted to fit together
brasses, and work of that kind, in an ordinary double-acting
engine. The reason is that in the Willans engine all they have
to do is to take the engine down, and put it together just in the
same way as they took it down, and, if there are parts worn,
replace them by others. The work is perfectly simple, and the
men have only to obey orders. It is not fair for Mr. Raworth to
talk of the large number of parts in the Willans engine. He
compares the type of engine he uses himself, which is an
ordinary marine type of engine, with compound or triple
cylinders side by side, with a compound or triple Willans engine
which has an extra number of cylinders, because Mr. Willans
found it a great advantage to arrange his expansion cylinders
tandem fashion. And why did he arrange them in that fashion ?
Because he found he could not get equal turning moment through-
out the stroke with the side-by-side arrangement. I was the
purchaser of a Willans side-by-side cylinder compound engine, I
think in 1879, and I exhibited it at the R.A.S.E. Kilburn Show.
That engine was quite as simple as any ordinary side-by-side
compound engine, and had as few parts. I had long talks with
Mr. Willans on that subject, and perhaps in that sense he partly
owes the application of his engine to me, because I pointed out
that for electric lighting purposes we must work our engines at
very large ranges of load, and that the turning moment must be
quite as even throughout the stroke in the small loads as in the
large loads. That at once does away with Mr. Raworth's com-
parison, which otherwise was a fair one to make. Mr. Raworth
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told a most interesting story about a tram-car, a motor, and a horse, The
5 J \ . . President.

comparing the complication of the motor with that of the inside
of a horse; and I think he hits upon the real reason for which many
engineers, including myself, think that Willans and the other
engineers who enclose their engines have done the right thing.
What matters it if parts are complicated if it is found in practice
that they are effective and do not become deranged in working ?
The Constructor of the horse was very well aware of this. He
knew that the horse was really as simple a machine as could be
designed for its purpose. But He knew that people would object
to seeing the working parts, and He also knew that lubrication and
things of that kind are not nice things to fly about in public. He
therefore encased it; and I think that is sufficient justification for
Messrs, Willans, Chandler, and Morcom to enclose their engines in
the way they have done; and therefore we do not mind whether
they are complicated or not inside, so long as the steam goes in
and the power comes out and they do not require repairs. I will
just give you another illustration on this point. I am sure there
are mechanical engineers present who will thoroughly agree with
me when I say that, from the English engineers' point of view,
the practice of some Continental engineers, of putting all the works
of their engines outside, is equally a violation of engineering good
taste. I think that in enclosing our engine works, as the firm of
Willans and these other gentlemen have done, they have done as
good service as the makers of Great Northern locomotives have
done, as will be seen when we compare their neat locomotive
with those of the Chemin de Fer de L'Ouest—those locomotives
many of you no doubt have noticed before your eyes as you land
at Havre or Dieppe.

Turning now to the question of economy, the opponents of
the high-speed engines are always telling us that, if we want the
highest economy combined with the highest durability of the
engine, we must adopt Lancashire practice,—we must use large
slow-working engines; and we are flooded with leading articles in
various technical journals impressing upon us that we electrical
engineers ought to go and take lessons at the fountain-head upon
all those points. I have challenged all these fountain-head men
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Th<. to come here and tell us something this evening, and I cannot
Ficaldent. ' to &»

get one of them to come up. Apparently they have nothing to
say, or surely they would be here to back up the articles which

• they have written. But there is no doubt that their outcry has
influenced—and I regret it very much—a number of members
of our profession; for there are a number of engines still being
put in, the putting in of which is really pandering to this outcry,
and which I am sure will eventually be a cause of regret to their
users, when they compare their results with the results that we
who use higher speed engines are even now obtaining in
existing central stations. I think all the speakers this evening
are in agreement upon this point, and I regret only that we
have not had some of the slow-speed men here. None of
the doubts which have been raised so frequently as to the
want of durability and the cost of repair of high-speed engines
have been found realised in practice. We have now had eight or
nine years of central station practice, and we have found that the
cost of the high-speed engines is as low as, and in some cases lower
than, that of the slow-speed engines. We are getting rather
tired of hearing this, and I should like to hear something fresh;
I should like to hear really on what grounds these assertions have
been made. I regretted to hear a gentleman this evening talking
about sweeping up the interior of an engine in a dust-pan. I do
not think that is quite a nice way of putting it. There is no
doubt that in the early days there were such accidents, and there
is no doubt of the extremely rough way in which they treat
engines in the Eoyal Navy. If they inject steam pipes full of
water suddenly into the cylinders of the engine, it is far better
that something should give way in it, as it may prevent a nasty
accident elsewhere. There is no doubt that these accidents do
not now occur, and have not occurred for some time ; and that any
engineer who allowed them to occur in his station would not
confess it, because he would know that his experience was so
abnormal that he would not like to be thought of as the careless
man that he would prove himself to be by permitting such
accidents. To give you some idea of how unfairly criticisms
are raised, I notice in an article in a technical paper which came



1895.] DISCUSSION. 517

out quite recently, that the engines now under discussion were The
^ J ° President.

abused on the ground that Mr. Gr. M. Clark, in those highly
interesting figures, had stated that the consumption was 46 lbs.
in practice, whereas it was only 32 lbs. in test. Well, now,
Mr. Clark absolutely proved identically the reverse of this. He
proved that the difference between the 32 lbs. and the
46 lbs. was all to be explained by causes outside the engine,
with the exception of that quantity due to the change of load-
factor of the engine, which could be foreseen and calculated for;
and he actually reproduced the very identical figures that I
was able to produce in my Civil Engineers paper six years ago,
which really did show that our figures at Kensington, after
several years' working, were identically the same as we got from
the engines when tried in test. And Mr. Clark, who is a most
careful observer, reproduced the most interesting table before
the Mechanical Engineers which has been copied into Mr.
Eobinson's paper, and yet a leader writer takes this as proof
that these engines fall off in efficiency from 32 to 46 lbs. I
only do say this—that I think we have every reason to be
extremely proud of what the Thames Ditton firm, as well as Mr.
Belliss and Mr. Chandler, and other makers of these high-speed
engines, have done for us. They have enabled us to show
figures in steam into electrical units which are better than any
figures I have ever come across. I sent out a specification the
other day for machinery to be competed for by firms other than
my own, and I think the figures in all cases were very close—
nearly as good as those figures that are shown on the tat>le
given by Messrs. Belliss—and not only did they undertake to
give the machinery which would work up to that high standard
of economy, but they also were prepared to guarantee it for a
year and not take the whole of their money until they had
proved their figures. I have had a Continental engineer of
high repute over here for some time past, and he would hardly
oredit me when I showed him my specification for steam
dynamos : He said: " You will never get tenders in for that
" specification; and if you tell me that your English engineers
" can guarantee such figures as you ask for, I shall be converted
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" *° English Wac^ce afc once." He will be back in London in
a few days, and then I shall be able to show him the tenders.
I think that is the best proof that high-speed work, for which
we are so greatly indebted to Messrs. Willans & Robinson, has
been a very great movement in advance for the benefit of
engineering generally and for electrical engineers in particular;
and for that reason I am extremely pleased that our last paper
of the session has been on such an extremely important and
interesting subject. I will now call upon Mr. Robinson to give
his reply,

p Captain H. R. SANKEY [communicated] : I would like to refer
Sankey. r L J

to Mr. Booth's contention that ordinary compound receiver
engines could be arranged so as not to have any overlap of
pressures (or temperatures). It is to be presumed that Mr. Booth
meant that the overlap was small, and thus practicably negligible ;
because it is evident that, theoretically, in such engines overlap
must occur, depending in amount on the admission and exhaust
pressures, on the ratio between the cylinder volumes, on the cut-
off in the cylinder, and on the setting of the cranks. Practically,
however, throttling of the steam through the ports, leakage and
radiation caused a drop of pressure between the exhaust of the
high-pressure cylinder and the admission of the low-pressure
cylinder, and those losses would reduce the overlap, and even
expunge it altogether in some cases.

This reduction of the overlap was distinctly noticeable in Figs. 3
and 4, as would be seen by combining the two diagrams. Un-
fortunately, Mr. Booth had only given one diagram in each of the
other cases, so that no definite opinion could be given ; but in all of
them indications of overlap were clear. This was so especially in
Fig. 5. There the exhaust line rose from 16 lbs. pressure (251'5°)
to 28 lbs. (271°;. In a Cornish cycle engine the exhaust would
have been constantly at 28 lbs., and the range of temperature in
the cylinder would have been reduced by 271° — 2515° = 19-5°
Fahr., assuming the same admission pressure—a very considerable
gain for the Cornish cycle.

Mr. Robinson has referred to certain breakages of crankshafts
in Willans engines, and said the reason was the very simple one
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that they were not strong enough. Originally these shafts had
been proportioned from those in general use in double-acting en-
gines, but allowing a margin. Thus, Professor Unwin gives a rule
in his book on " Machine Design,'" from which it appears that for a
200-I.H.P. engine, running at 350 revolutions, the shaft ought to be
3 \ inches diameter, and 4 inches was the diameter adopted. When
the first shaft broke at Manchester Square, Mr. Willans asked me
to go into the matter; and I found, by determining the variations
of the stresses, and especially taking account of the bending and
shearing stresses, that there were two points where not only the
stress, but more particularly the variation of stress, was a
maximum; and these are the two weakest points in the crank-
shaft. These two points are marked a and ax in Fig. A, and it

p

DRIVING END GOVERNOR END

FIG. A.

is worth remarking as a confirmation that, with three exceptions,
due to undoubted flaws elsewhere, the crank-shafts that have
broken have done so either at a or at al} and about equally at
each place, as required by the calculation.

It is probably unnecessary for me to state that for a long time
past the shafts of these engines have been made of ample strength.

Mr. Tremlett Carter contended that, notwithstanding the
separation of temperatures due to the Cornish cycle, the cylinder
walls were exposed to the full range of temperature, and that thus
no advantage was gained in respect of reduced initial condensation ;
and he illustrated his point by considering a certain portion of the
cylinder wall. But the particular portion he had considered had
little effect in producing condensation, the steam coming in
contact with it somewhat late in the stroke. The metallic
surfaces in the cylinder which cause the greatest condensation
are the top of the cylinder, the top of the piston, and a small
annulus of the cylinder wall—in other words, the initial surfaces;
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Captain
Sftnkey.

Dr. Prellcr.

and these were not exposed to the full range of temperature. The
portion of the cylinder wall covered by the piston was also only
subject to this reduced range. On the whole, therefore, the Cornish
cycle materially reduced the range of temperature. This matter
is illustrated in Fig. B, the cross-shaded part of the cylinder
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FIG. B.

being subjected to the full range of temperature, and the point a
is about the position of the portion of the cylinder wall chosen by
Mr. Tremlett Carter. The black portion is exposed only to the
reduced range. It is clear that the gain is considerable.

Dr. Du EICHE PEELLEK [communicated'] : In the course of the
discussion on electric traction at the beginning of this session,
Mr. Robinson attacked me somewhat vigorously because I had
stated that, for traction purposes, there were certain cases in
which direct driving by small high-speed units was not economi-
cal—a contention the accuracy of which in a specific case I proved
by actual figures. I willingly admit that the steam engines in
question were double-acting engines, and in this, as well as in
some other respects, inferior to the Willans engine. But, still,
Mr. Robinson's attack was on the general question of direct
driving, and he laid it down that, if that question needed
discussion at all, it should have been discussed three years ago.
I pointed out at the time that the question had not only
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been discussed during the last three years, but would probably Dr.
be discussed for some time to come; and experience has shown
the correctness of this view, for Mr. Robinson and Captain Sankey
themselves have this winter alone contributed no less than three
very admirable and valuable papers in just defence and vindica-
tion of their speciality. Assuredly they would not have done
so if the subject were beyond discussion.

There can be no doubt whatever as to the superior advantages
of direct driving by high-speed engines, and more especially by
Willans engines; for the Willans engine is a monument of
mechanical engineering skill, and, like everything that I have
had the privilege of seeing at Thames Ditton, rests on truly
scientific principles. But, having regard more particularly to
electric traction, it may be well to emphasise the fact that in
smaller installations, such as 300 or 400 H.P., for lines of, say,
six miles, the ordinary commercial dynamo of 100 to 200 kilo-
watts output is designed for 450 revolutions at about 550 volts.
If, therefore, such dynamos are to be direct driven, the Willans
engine must make the same number of revolutions; and the
question is, Has Mr. Robinson already reached that point?
Because, if not—viz., if the engine cannot be made to run above,
say, 300 or 350 revolutions—the dynamo will have to adapt itself
to the engine; in other terms, it must be made larger and
heavier. The case is, of course, different in larger units.

In his paper, Mr. Robinson refers to the Heilmann electrical
locomotive, which I may justly claim to have first made known
in this country (vide Engineering, June 2, 1893, et seq.). The
generating compound horizontal steam engine of the first loco-
motive of this type was, as Mr. Robinson rightly remarks,
practically a perfectly balanced engine; but its "stroke was too
short, and it also suffered from other mechanical defects, which,
however, were not the fault of the designer, Mr. Charles Brown,
of Bale (the father of the well-known electrician), but of the
makers. In my view, the best type of generating engine for
locomotives of this kind would undoubtedly be the steam turbine
of the Parsons and, preferably, the Laval type; but, as these
machines are not as yet made for such high powers as 1,500 H.P.
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Dr. Preiier. I believe t ha t M. Mazen, the able locomotive engineer of t he

Western of France Eailway Company, who is now acting with

t h e Hei lmann Syndicate, judged wisely in adopting for the two

new and improved locomotives now being built a special type

of Willans engine, as an engine having the least possible vibra-

tion. As regards this last-named merit , I take this opportunity

of saying tha t when, not long ago, I visited the central station

at Norwich, which has six 120-H.P. Willans engines, located in

a detached and spacious building, the absence of vibration, both

in and near the building, was so striking tha t i t was practically

impossible to say whether t he steam engines were running or

standing. Mr. Eobinson and Captain Sankey may well be

congratulated on this very conspicuous meri t of the Willans

engine, as they may be on the valuable and t ruly scientific papers

they have so recently brought before this and other Inst i tut ions.

The consumption of fuel a t the Norwich central station works out

very favourably, viz., 7 lbs. per uni t generated in winter, when the

power is fully utilised.

Mr. Hudson. Mr. JOHN Gr. HUDSON [communicated] : Mr. Kaworth having

in this discussion quoted a remark of mine which might , as i t

stands, convey the erroneous impression tha t I consider t he mill

type of engine unsuited to fulfil the conditions of electric l ight ing,

I wish to state t ha t my remark applied only to t he point which

was the subject of conversation at t he moment—viz., the require-

ment , real or fancied, t ha t the engine should be capable of

runn ing quietly and governing perfectly under full steam

pressure, bu t without any load. I said truly t ha t no mill

engine in Lancashire could meet this requi rement ; and the

reason is simple : these engines are never required to run under

these conditions, t he friction of the engine and transmission

gearing alone representing from one-fifth to one-third of the

gross load, which is amply sufficient to steady even a condensing

engine. Experience has, however, shown that , the requirement

being known, i t can without much difficulty be effectually m e t

by modifications in detail, which in no way affect the general

design of the engine, and are so slight as to be noticeable only by

an expert. So far from my thinking the mill type of engine
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unsuited to electric lighting, I am distinctly of opinion that it
must, on its merits, come to be generally adopted in cases where
the gross power installed justifies or requires the use of com-
paratively large units, and at the same time call for greater
economy, efficiency, and durability than are obtainable from small
engines of the high-speed type. This opinion has already been
largely confirmed by the constantly increasing number of engines
of this type which are being adopted or proposed, the majority
being of the direct-driving type, with fly-wheel armatures. If
further proof i£ needed of the tendency referred to, it is furnished
by the reading of the present admirable paper.

It would be convenient to have a definition of what con-
stitutes a " mill engine," and I would suggest that the essential
and only really distinctive feature is the use of some form of trip
valve gear controlled by the governor, this feature being so nearly
universal in modern mill-driving that there are hardly any
exceptions to prove the rule. The reason for this state of things
is no doubt the fact that trip gear provides a ready and well-
understood method of obtaining such a measure of economy and
regularity of speed as have, so far, been unattainable by any
positive form of valve gear. Trip gearing has, unfortunately, one
disadvantage when applied to engines of small size—viz., that it
limits the speed of the engine to that at which the gear can be
run, say 100 to 120 revolutions per minute; and though these
speeds can no doubt be, and have been, largely exceeded by gear
of special design, the limitation will often prevent the application
to small engines. Fortunately, there are other, if less perfect,
forms of valve gear specially applicable to such engines; whilst in
the case of engines of large power, to which such other gears are
not suitable, the limitation does not apply, the gear being capable
of as high a speed as is desirable for the main parts of the engine,
having due regard to safety, durability, and ease of maintenance.

As regards the special subject of this paper—theWillans engine
—I have the greatest admiration for the engineering ability which
has been brought to bear upon it, and raised it to its present state
of efficiency, as well as for the classical papers describing it which
were read by the late Mr. Willans before the Institution of Civil
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Mr. Hudson. Engineers, and which constitute a mine of valuable engineering
information. If I may, however, without offence express my
thoughts on the subject, I should wish to point out that the
gradual improvement of this engine, extending over many years,
is a striking example of the way in which the inherent defects of
a design originally far from satisfactory may be overcome, not by
any radical change in the original design, but by a lavish
expenditure of consummate engineering skill, time, and money,
on each and every detail found to give trouble, and by certain
additions, such, for example, as the air-buffer cylinder and the
steam separator. The undoubted success of the Willans engine
must also be ascribed to the admirable system of manufacture
and testing; but it must be remembered that much can be
done in this way, and in the way of experimenting, with
engines individually of small size and cost, which would be wholly
impracticable in the case of larger engines, which must, as a rule,
be made singly, and generally require to be specially designed to
suit the particular conditions under which they have to be used.
For the latter reasons, amongst others, I do not think builders
of mill engines need feel any overwhelming anxiety on account of
the threatened appearance of this new competitor in their par-
ticular field; and most mill owners requiring, say, 600 I.H.P. will
prefer to obtain this power from two or three cylinders of well-tried
and approved design, to adopting an engine of the Willans or other
high-speed type, with, say, six cylinders for driving the mill, and
six more for driving the air pump, as was done in a recent instance.

Mr. Mr. MARK ROBINSON, in reply, said: Dealing with the remarks
Robinson. ,

of the various speakers in order, I note that Mr. Raworth
suggested that I might have treated of other single-acting engines
than the Willans; but the answer is in the title of the paper—
" On the Recent Development of the Single-Acting High-Speed
" Engine for Central-Station Work." I have confined myself to
the experience and the improvements of the last three or four
years; and if I have dealt with no other single-acting engine, it
is because none, so far as I know, has yet taken a prominent part
in central-station work in this country. I tried to make the
paper as general as I could, but it would be affectation to ignore
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the fact that for central-station work in England the single- Mr.
° ° Robinson

acting engine is the Willans engine; in that fact lies the chief
reason why I am able to speak to you on the subject. No one
can admire the Brotherhood engine more than I do, and it was
that engine which directed my attention to the single-acting
principle, and led to my connection with Mr. Willans. But
Mr. Willans's engines always differed from the Brotherhood type
in this—that, whereas the latter has only the connecting-rods
in constant thrust, his engines had all brasses so arranged,
including those of the main bearings. The difference is vital.
I think Mr. Eaworth unconsciously does an injustice to the
early type of Willans engine used in launches. In its compound
form it was, for those days, an efficient and economical small
engine; and, with the addition of air-cushion cylinders, it was not
only largely used for electric lighting, but it was certainly at
the time the most economical high-speed engine so applied.
As regards the horse-power at work, which Mr. Raworth referred
to, it is no doubt difficult to collect such figures, but the list
relied upon was likely to be as fair to one type as another. It
omitted many unfinished stations, including the large one at
Bankside, and this may have cut down the Brush figures, as it did
also the figures for single-acting engines, which will be largely
employed in the same station. The figures given for single-
acting engines also excluded many thousands of horse-power,
which did not, in my judgment, come under the head of engines
for central-station work for public lighting. Mr. Raworth com-
plained that the Willans engine is such a Chinese puzzle; you
have to take it to pieces to get at the inside. Well, I have
heard so much of this, that for years I have been on the look-
out for the properly opened-up engine that shall have its
pistons outside the cylinders, and its valves not hidden away
in valve chests; but it has not appeared yet. Even in Mr.
Raworth's engines you have still to undo nuts before you can
get at things. I admit this is so in the Willans engine, but
it shares the defect with its rivals, after all; and there is
some evidence in the paper that when you want to get at
the inside of a Willans engine you need not be very long

VOL. xxiv. 36
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Mr. about it. I am afraid I have not been clear as to the relation
Robinson.

between high speed—that is, for continuous running—and
" constant thrust." Those who make the Willans engine believe
that the primary cause of its successful running at high
speeds is the " constant thrust" on the brasses; and it is in
accordance with common knowledge that the double-acting
engine, which does not work in constant thrust, has not hitherto
been able to work at equally high speed with equal success. We
are now told that, by a special system of forced lubrication, means
have been found for putting double-acting engines on the same
footing as single-acting engines, in regard to absence of wear at
high speeds. This may, of course, be the case, but I think we
may fairly ask for a good deal more time than has yet
elapsed, first, before we regard so novel a claim as established,
and, secondly, before we admit that the special means by which
success is said to have been attained are in themselves free
from objection. Mr. Kaworth differs from me so widely that
he regards constant thrust, not as a necessary condition of
success in making long runs at high speed, but as an absolute
disadvantage; and he referred to some lightly weighted bearings
of Mordey alternators, necessarily in constant thrust, in which
there had been trouble. If there is really trouble with these
very light pressures per square inch, the notoriously successful
running of the Willans engines, in constant thrust, and under far
heavier pressures, may well be set against it; but I also venture
to suggest to Mr. Eaworth to look for other possible causes in this
special case. I have seen the same difficulty with bearings
apparently quite lightly loaded, where the shaft formed part
of a magnetic circuit; and the conclusion come to was that,
although the pressure between the shaft and the bearing
might appear to be light, yet, through magnetic pull, it might
really be very heavy, and the cause of serious trouble. But
Mr. Kaworth not only values constant thrust thus lightly: he
sees the true cause of the success of the Willans engine in the
short stroke; at least, he says that its high speed is " due to"
the short stroke. I have a difficulty in following this; but
in any high-speed engine shortness of stroke is desirable:
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long stroke would add gratuitous difficulties. On the other hand, air.
° b . . Robinson.

as Mr. Raworth points out, in an ordinary double-acting engine
short stroke introduces other difficulties, affecting economy ; so the
moral appears to be that, if you want an economical high-speed
engine, you should use a single-acting one—a conclusion which,
whether or not it is really Mr. Eaworth's, certainly commends
itself to me. Mr. Eaworth's interpretation of my reason for
preferring double action for extreme speeds in large engines—speeds
at which you sacrifice everything to speed—is interesting and acute,
but it goes beyond my real meaning, whioh was merely that con-
stant thrust is not easy to maintain, and that at extreme speeds
it becomes altogether too difficult. Mr. Raworth is mistaken in
supposing that exceptionally high brake efficiency is claimed for
the Willans engine—that is, in comparison with other vertical
engines of good design. The claim is only that all such engines
are pretty much alike, including the Willans ; the latter atoning
for a doubtless larger share of ring friction by superiority in
other directions. It must not be forgotten that, in one sense,
the worse the engine the better its brake efficiency ought
to be. A common single-cylinder single-crank engine, however
wasteful of steam, should clearly show higher brake efficiency
than a compound engine of the same power, with two cylinders
and two cranks: brake efficiency is but one element out of
many, which make for or against economy. On the figures
quoted by Mr. Raworth I do not feel able to speak, though
it seems to me rash to claim 93 per cent, for the engine on
no better ground than that the efficiency of the Mordey
dynamo could not be more than 90. On one point I would
like to correct Mr. Raworth. With too much kindness he
gave credit to myself and my colleagues for the recent im-
provements in the Willans engine, whereas those improvements
were all either planned by Mr. Willans before his death, or
were based upon the experiments which he instituted and
carried out. The only exception is the automatic expansion gear
now used.

Mr. Chandler was quite right in saying that the old piston
ring he showed on the blackboard was identical in principle with
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Mr. that which works so well in the Willans engine. Its action is
Robinson. # . . . .

just the same, provided the engine is single-acting. In a
double-acting engine it would have no merit,—which is another
of the innumerable indirect testimonies to the advantage of a
single-acting engine.* The spring follower used in the Willans
engine, which is wanting in the old example shown, is a useful
safeguard against accidents. With regard to pressure behind
the valve rings, no doubt Mr. Chandler is correct; there is some
sort of average pressure there, intermediate between the steam
and the exhaust pressures. Perhaps one ought to know more
about i t ; but, since the valve rings never give any trouble, one
accepts the fact that the pressure, whatever it is, is enough for
the upper rings, and not too much for the lower rings, and one is
content to leave the subject alone. I would certainly have referred
to the Chandler engine in this paper had I been in possession
of facts about it. Not very much has been published about
its economical efficiency, but I am glad of the opportunity
of saying that all I have heard of the Chandler engine has been
very much in its favour.

Mr. Booth's objection to the Cornish cycle—or, rather, to the
claim that it secures a better division of temperatures in all the
cylinders—has been dealt with by Captain Sankey. No doubt,
with, two cranks at 90°, and early cut-off in the low-pressure
cylinder, you can avoid having the high-pressure cylinder open
at any time to the low-pressure, and the consequent overlap.
But such an engine is not necessarily the most convenient for an
electric light station. If there are two cranks, they should be
opposite to each other, for vibration reasons; and that, in a
double-acting engine, introduces the Woolf cycle at once, in
which overlap is undoubted. With three cranks—the best
arrangement of all—you cannot avoid two consecutive cylinders
being open at the same time to the same receiver, which, again,
means overlap of temperatures. I adhere to the view that the
use of the Cornish cycle in all the cylinders, which is impossible
in a double-acting engine, gives a considerable advantage to the
Willans engine.

Mr. Tremlett Carter's objection to the efficacy of the Cornish
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cycle, to which Captain Sankey has also referred, gives one Mr.
. . . . . Robiusou.

more incidental proof of the advantages of the single-acting high-
speed engine. Single action allows the Cornish cycle to be used;
high speed brings in short stroke; and Mr. Tremlett Carter's
objection, which as against a long-stroke engine has a certain
validity, is found to be practically ruled out because the stroke is
short.

Mr. Morcom has treated the discussion very much as a duel
between single action and double action; and that, I think, is fair
enough, because the paper is in praise of the principle of single-
action. Mr. Morcom says that his firm have made high-speed
engines, as I gather, of large power, for 30 years. I presume
some of those would be marine engines.

Mr. MORCOM : The large majority are marine engines.
Mr. ROBINSON : In spite of this long record of success, I am

not surprised that Mr. Morcom speaks of continuous running in
station work as " our difficulty," or that he turned first to the
single-acting engine; and in spite of what he saw in the Navy, I
am not sure but he will find some day that first thoughts were
the wisest. As to the troubles with the Willans engine in the
Navy, I could say a great deal, but this is hardly the time or
place for a long examination of the subject. The engines were
very roughly used on board ship, sometimes through neglect of
lubrication, but more often through neglect of the most ordinary
precautions in regard to draining the steam and exhaust pipes.
In the old days which we are talking about, others who had made
auxiliary engines, more experienced than we in the ways of the
men of the sea, knew what to expect, and left plenty of places for
the water to go through (steam did not matter); and so auxiliary
engines made very fair steam traps, so much so that some engineers
came to rely upon them as such. I fear I once gave offence at
the Admiralty by saying that our engines were steam engines,
not hydraulic engines.

No doubt there were other troubles as well. For instance,
Mr. Dumas's wish to get rid of the air cushioning was long
since anticipated by the engineer of a certain ironclad which I
visited. Even before we reached the dynamo room we heard a
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Mr tremendous noise, as of steam hammers, and one of the engines
was found to be pounding away furiously—near the breaking-
up point, I should say. I asked if they did not think the
engine a little noisy. No, they did not; they are not always
exacting on board ship. However, I went to look for the cause,
and found it. Air relief cocks are fixed on the air cushion
cylinders in order to ease the starting, and, with the best
intentions, they had taken them to be drain cocks, and had
coupled them to the dynamo room drains, and then left them
open. Of course in time the Navy engineers learnt to deal with
all these difficulties, but that helped our successors more than
ourselves. It is scarcely the case that the single-acting engines
had the same attention as the others in the Navy, for they
preceded the others, and smoothed the way for them. It is news
to me, however, that the engines " failed right and left," or that
they have been taken out upon any large scale, except in
connection with such changes as always go on in war-ships in the
course of years, such as re-boilering with higher pressures, and
rearrangements generally. We often receive very satisfactory
accounts from naval engineers who have the engines in use.
Before leaving this subject, it may be of interest to mention
that in these, after all, not very serious collapses there was
rarely a case where the breakage of the piston caused much incon-
venience. The pieces simply tumbled down to the bottom of the
cylinder, and in some cases stopped there until the next quarterly
inspection revealed them. The engines were, of course, tandem
engines, and if either a high-pressure piston was broken by water
from the steam pipe, or a low-pressure piston by water from the
exhaust, the unbroken piston usually continued to run the
engine, sometimes without anyone knowing of the accident.

Mr. Morcom says there must be double area of piston and
of cooling surface, and double stresses on the pins, in a single-
acting engine, when compared with a double-acting one. That,
of course, is very true, if they are to run at the same speed;
though, even if they do run at the same speed, and with equal
mechanical success, it is not conclusive against single action,
which has. so many economical advantages. Ability to run at.
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equal speed may, nevertheless, be taken, for the present, as the Mr.
point which needs to be threshed out. Can you without great
disadvantages run a double-acting engine (in continuous
running, that is, perhaps for months at a time) at the same
high speed as a single-acting engine? I say that experience
shows that you cannot. Mr. Morcom says that further ex-
perience will show that you can. Time alone can decide.
Mr. Morcom, criticising constant thrust, rightly attaches im-
portance to the play of the crank-pin, or of the shaft,
in its brasses, as assisting the introduction of oil between
them; but, on the other hand, there are Willans engines
of something like 100,000 H.P. at work, and they are running
almost absolutely free, not only from troubles, but even from
ascertainable wear in the brasses. Measurements after years of
working have given extraordinary results in regard to absence
of wear—results such as no double-acting engines working under
similar conditions can show. Merely theoretical objections to
constant thrust are therefore out of court.

I can congratulate Mr. Morcom on his St. Pancras figures,
which are very good; but I do not think he is correct in saying
that they are as good as can be given by single-acting engines—
not, I think, by some 2 lbs. per E.H.P. The combined efficiency
is remarkable, and, in fact, difficult to accept; but all I would say
is that, owing to the uncertainties of measurements, especially in
a commercial engine room, the makers of the Willans engine
have always hesitated to rely upon extreme figures, upon the
.strength of only a limited number of trials. The highest of these
St. Pancras efficiencies just about corresponds with what has been
occasionally obtained at Thames Ditton; but we have made it a
practice to say very little about them, for, in fact, we have great
difficulty in believing them. However, an efficiency of 92 per cent,
seems to me to be not beyond what might be expected from a good
engine, very well lubricated. Mr. Morcom's allusion to super-
heating is not very clear to me. A single-acting engine can run as
well without oil in the cylinders as a double-acting engine, and I
fail to see why either condensing or super-heating should have
special terrors for the Willans engine. In fact, its makers are hard
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Mr. at work trying to advance the super-heating question, and to make
Robinson

the most of what it may yield. The Willans engine's " general
" capability of putting oil into the boilers " fairly puzzles me.
It really cannot make oil, and if you do not put any in you
will not get any out from it, either into the boilers or elsewhere.
If these mysterious words are an echo from the days when the
Willans launch engine had trunk pistons, and cylinders open
to the crank-chamber, so that the crank-chamber lubricant
could find its way into the cylinders, then I can understand; but
if this is the idea, the critic is wide of the mark, for this
construction has never been used for land engines.

With respect to governing, I will merely remark that, in
regard to the number of impulses given per unit of time to the
crank-shaft, a double-acting engine with two cranks, 180° apart,
has no superiority whatever over a single-acting engine with two
cranks, running at the same revolutions, for the simple reason
that in the former the impulses are given two at a time, and not
separately. Governing, however, is not really in question in this
paper, and there is no reason why a Bellis engine or any other
fast-running engine should not be well governed if the governor
is a good one. With Mr. Morcom's remarks upon vibration I am
in general agreement. The three-crank engine he now proposes
should give excellent results from this point of view : the only
doubt is as to the convenience, in a central station, of driving two
cranks from above and one from below. Personally, I believe
that in all ordinary cases the freedom from vibration obtainable
by the mere use of three cranks at 120° apart (provided the
three lines of parts weigh exactly the same) will meet every
requirement; and you will then have the further great advantage
of the beautifully even drive which three such cranks ensure, in
comparison with the ordinary two-crank effect which belongs to
the type of engine (though it has three cranks) which Mr.
Morcom describes.

Mr. Morcom seemed to reproach me for not having " left his
"engine alone." Had I done so, in what purported to be a
review of high-speed central-station work, I am sure that, if he
had not blamed me, others would have done so, and with
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justice. It is his engine which best justifies my last paragraph— ^
my claim that the development and the success of the high-
speed engine have fostered improvement all round. His
" reply "—which is the name he gives, with a certain forensic
license, to his lively attack—is most interesting, and our discussion
would have been much the poorer without it.

Mr. Arthur Wright has made, from my point of view, the
most eloquent speech ever compressed into so few lines. Happy
the lighting station whose engine room has no history. Not
long since the engineer of a great London company, with a
still larger horse-power of single-acting engines, paid a like
tribute. I asked how the engines got on, and he answered
that he never thought about the engines. It is testimony like
this which has carried the single-acting engine so far.

Mr. Halpin spoke of brakes, and had doubts as to certain high
efficiencies, which I fully share. Some day I hope to speak with
more certain knowledge, for a Froude-Eeynolds water brake is
just being installed at Thames Ditton, capable of absorbing up to
1,000 H.P., and, so far as can be seen, guarded against every
possibility of error. Mr. Halpin's remarks upon the helpfulness
of the tremors on the locomotive engine in lubricating the
brasses are very interesting and pertinent, and ought never to be
lost sight of by engine designers.

Mr. Greipel asked how long a high-speed engine will last: will
it last 42 years ? Well, it will take me nearly 30 years before I
can answer that question; but, so far as the shell of a Willans
engine goes, I do not know why it should not last that time, or for
ever. As regards the cylinders, one which is mentioned in the
paper, if it continues to wear at the rate reported by Mr.
Longridge's inspector, I reckon should not begin to want re-
boring (though this is not a formal guarantee) for about 2,500
years. If an engine breaks up as soon as you start it, you know
where you are; and if it gives a great deal of trouble in the first
few years of its working, it is not likely to last very long; but if
the result of the first few years' running is an almost unexampled
freedom from wear, you may reasonably conclude that its life is
likely to be a long one. I can assure Mr. Geipel that I have
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Mr. never advocated the use of six-crank engines for lighting stations,
Robinson. , „ ft *» ft

or tor tramways, or for anything else on land, except under very
peculiar circumstances, such as existed in one or two cases,
where what most people would call no vibration at all has been
found to be an annoyance. It is satisfactory to be able to believe
that we have found something which will enable us to deal with
even such cases as these; but I cannot imagine a case where the
use of a three-crank (not two-crank) engine would be objectionable
for the day loads merely.

Mr. Shoolbred's remarks upon the absence of automatic
expansion in most of the Willans engines made up to the present
time, appear to me to be open to a construction which I am sure
he never intended, and to be liable to be misread as supporting
the old fallacy that if you throttle your steam down from 100 lbs.
to 50 lbs. you have in some way lost half of what you have paid
for. The engine is a heat engine, and you have still practically
the same number of heat units as before. The main change for
the worse is that you cannot now employ them so profitably, in
an engine which has ceased to be properly proportioned to the
load. But there is the same difficulty, more or less, if you
reduce the load by over-expanding the steam instead of reducing
its pressure: you cannot vary the thing which really wants
varying, viz., the size of the engine. Experiment and calculation
alike prove that the gain by cutting off earlier, rather than by
throttling, is in no case more than a small one, and that at very light
loads it actually turns into a loss. This point is fully dealt with
in the paper, where the steps taken to combine the advantages
of both systems in the new engines are explained. Whether you
reduce the power in one way or the other, the result is so bad
in every engine (in comparison with what either a throttling or
a variable-expansion engine may achieve when it works at full
load) that the only moral to be drawn is, Do not work with light
loads at all, or, if you must do it, do it as little as possible.
Mr. Shoolbred opined that the larger the engine became, the
better would be the chance for the double-acting principle. We
used to think so ourselves, but we have gone on to larger and
larger engines, and the result has always been better and better.
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It is simply a question of speed. If you can work a single-acting Mr.
engine at double, or more than double, the speed at which you
can conveniently work a double-acting engine, then there can
be no doubt, I think, about the advantage of single action;
and even if you do not work at so much as double the speed,
the disadvantage of larger cylinders, in the single-acting engine,
may well be outweighed by the advantages of more silent running,
of freedom from knock, and of reduced wear.

Mr. Allen's remarks, coming from a maker of double-acting
high-speed engines, are very kind. As I have said before, if the
success of the Willans engine tends to promote the improvement
of other engines as well, those who make it are more than content.
Many will remember the positive pleasure with which Mr. Willans
used to trace the good points of his rivals' plans, and his
outspoken praise of them.

Mr. Dumas spoke of steam-packed rings having been tried
before, but surely it was not in a single-acting engine; if not,
the conditions would be wholly different. He asks if there is more
wear at the top of the cylinder than at the bottom. I do not
think I have heard of such a case, and am quite sure it is not
general. The absence of wear in the trunks is remarkable,
and such as there is is not especially at the lower end. Whatever
theory may point to, the valve rings do not in fact collapse.
There is a trunk in the lobby which was taken out of an engine
which had been running for about five years at the Savoy
Hotel—one of three large engines; it was taken down a
few weeks ago for periodical examination and overhaul. There
was practically nothing to do to it, but permission was given
to replace one cylinder and trunk, and one set of piston rings, in
order that those which came out might be shown here, as the
engine was running within a stone's throw of this building. The
wear of the cylinder is exceedingly small; while, as regards
the wear in the trunk, you can see that the inside of it is in
beautiful condition. The actual wear in each piece is stated on
the card placed upon it. (I will add as an appendix, B, a copy of
a report upon another single-acting engine which was examined
after five years' wear, containing exact measurements of the wear
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Mr. in every part. It will be seen that the wear was very slight indeed
Robinson. .

after a run computed at 535,000,000 revolutions.) With regard
to the tension on the trunk, upon the up stroke, that is very
small—far below the safe working limit of the material. Where
trunks have broken it has naturally been at the ports; but
all such breakages, I think, have been consequential upon some-
thing else, such as the breaking of a piston by water. Mr.
Dumas also spoke about the excessive pressure there must be
on the crank-pin towards the top of the stroke at starting, when
we have the pressure of the air buffer and the steam acting
together; but the air buffer is there for the very purpose of
starting the line of parts: it is there for the purpose of over-
coming the inertia.

Mr. DUMAS : I said on some part of the down stroke, and
not on the top—I quite agree with you there; on some part
of the down stroke, that is, after the inertia has been overcome
to a great extent and you have the air pressure combined with
the steam pressure.

Mr. EOBINSON : The air pressure rapidly falls: it follows a
very steep curve; by half-stroke there is but little pressure left,
and as a fact the air cushion helps to keep the diagram square,
and to give you a more even turning moment.

Mr. Head spoke of a large Brotherhood engine in which the
crank-pin gave trouble by seizing. But the crank-pin in the
Brotherhood engine did not work in a bath of oil; and in any case
the point of most immediate interest is that the crank-pins in a
large number of single-acting engines, of much larger power, and
running at high speeds, do not seize or give trouble of any kind.

Our President referred to the Chemin de Fer de l'Ouest loco-
motives, and he spoke in terms of moral disapproval of their habit
of wearing all their working parts outside. I am sure he will be glad
to know that that great company has lately made engines on the
English model. I was under one of them the other day, and it
was for all the world like an English locomotive : with the fullest
sense of propriety it hides away all its working parts underneath.

I have now endeavoured, very inadequately, to deal with the
valuable and interesting criticisms the paper has received. I
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much lament, however, that we have not had the criticisms of
some of the advocates of slow-running engines.

Perhaps I may be allowed to refer to a letter which Dr.
Kennedy has been kind enough to send to me. He says:—

14, OLD QUEEN STREET, WESTMINSTER, S.W.,
23rd May, 1895.

DEAR MR. ROBINSON—I am very sorry that I was in Germany when your paper
was read, and have to go to Scotland for a very important appointment to-night, so
that I cannot be present at the discussion. I think there is one word in the paper,
on page 454, which might be a little misleading to people who do not know the ways
of Thames Ditton trials. You say " Calculated addition to steam consumption on
"account of low load-factor." Literally this is, of course, correct, but in point of
fact the addition is not a mere calculated one, but is based on actual experiments
made at Thames Ditton, so that it is a calculated addition whose amount is known
experimentally. This makes the matter so much more striking that it might be
worth while to point it out, in case the word "calculated " should be at some time
misunderstood.

Yours very truly,
ALEX. B. W. KENNEDY.

i do not know whether anyone has been misled, but the table
shall be corrected.

I thank you, gentlemen, sincerely for the very kind way in
which you have received this paper.

Dr. Du Biche Preller, in his very kind communication, says that
the ordinary commercial dynamo, up to 200 kilowatts, is designed
to run at about 450 revolutions ; and he argues that if this exceeds
(as, in fact, it does) the convenient speed of a fast-running engine
of corresponding power, the case for direct driving is weakened by
the fact that the dynamo has to be expressly designed for the
engine, slower and larger. In the abstract this is right, and
perhaps it is only to the almost universal acceptance of direct
driving in this country, that we owe the comparatively low
standard of speed which prevails among English dynamo makers.
However, I rarely find that lowness of speed is put forward as a
practical objection to direct driving ; even where belt driving is in-
tended, there seems to be little desire to increase the speed of the
dynamo. As regards the Heilmann locomotives, I believe the claims
of the steam turbines were fully considered, and that want of power,
as at present made, was only one of the grounds of objection.

Mr. Hudson's communication must enhance our regret at his
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Mr. absence from the discussion, for no one could have put the " mill
Robinson. r

" engine " case with more ability, or with so much authority. In
what he says about governing I of course agree; but the recent
applications of the mill engine type to electric lighting seem to
me to depend more largely than he indicates upon the con-
current development of the system of fly-wheel armatures. Every
natural type which, in the process of evolution, tends to be
superseded, seeks to modify in its favour the surrounding
conditions, and the excellent idea of building the dynamo upon
the fly-wheel has done much to aid the survival of the mill
engine in electric light work. But it would seem to have been
overlooked that high-speed engines may profit by it even more
largely than slow-speed engines; for, with the same peripheral
speed obtained from a fly-wheel armature of, say, 6 feet
diameter, as is now obtained from one of, say, 16 feet, the advan-
tage as regards dynamo cost will be enormously on the side of the
high-speed engine. Hitherto the mill engine, driving by belts or
ropes, has at least had the solid advantage of a cheaper dynamo,
because it could run the latter at any speed, however high.
But in accepting direct driving the mill engine advocates have
surrendered this advantage, and for the first time have placed
themselves in a position in which the much greater cost of a very
slow running dynamo will prove a serious handicap. Even
at present the gain from higher speed is probably so great as to
more than balance the disadvantage of having to provide separate
framing, bearings, &c, for the dynamo; thus the saving upon
these items, when carried out for the high-speed engine, as it has
already been for the low-speed, will put the former into a greater
position of advantage than it has ever occupied before.

Mr. Hudson bases the claims of the mill engine (for electric
lighting work) upon economy, efficiency, and durability; and
it would be strange if, in all these respects, the great engine
builders of Lancashire failed to show a very high degree of
excellence. But the question is whether the mill engine cannot
be equalled, under these heads, or even surpassed, by engines
which in other points are more directly suited to the work ; and it
was the object of my paper to show that this question is already
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answered in the affirmative. As for economy, can Lancashire Mr.
J Robinson.

show a lower steam consumption, equally well authenticated, than
that of the Willans mill engine at Belfast, referred to in paragraph
27 of the paper? This, it should be remembered, is not an
engine whose suitableness for electric lighting is open to question,
or which is to be brought into the electric lighting field merely
because of its economy. It is an electric lighting engine already,
specially designed for that work, and sometimes objected to on
that very ground, when proposed for other purposes. If the Bel-
fast engine, without any alteration, were coupled to a dynamo, it
would work with the same economy, the same steadiness of drive,
and the same absence of trouble and wear, as it shows in driving
a mill. As regards efficiency, if that means brake efficiency, I
have made no special claims, but the high-speed engine has no
need to fear comparison; while, as regards durability, I have
already said so much in favour of the constant-thrust type, that I
will only add a caution against a too rapid acceptance of the view
that, because wonderful proofs can be produced of the durability
of the old mill engines (of the really slow-speed and low-pressure
kind), therefore the same durability is to be expected from the
vastly different form which the mill engine has taken in modern
times." When I spoke of the durability of high-speed engines, I
was asked if I could answer for 42 years. The inference was
that the questioner could do so, in the case of mill engines. No
doubt he could, but not with such engines as constitute the
alternative offered to us for the modern single-acting engine. It
is no use to tell us that a beam engine, working with 20 lbs.
steam, and making 30 revolutions a minute, used the same brasses
for 40 years. It does not prove that the same record will be
maintained by the modern mill engine, which now seems to be
defined, on the very highest authority, as any sort of engine
wbich does not run too fast to use trip-gear.

I agree with Mr. Hudson's admiration for trip-gear, but, in
face of the results obtained with the single-acting engine at
Belfast, I cannot, of course, accept the view that trip-gear gives
economy (or governing) not attainable by other gears. It gives
small clearance and sharp cut-off, but both these features are
present in the fast-running single-acting engine described.
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Mr. Offence is indeed the very last feeling which can be inspired

by Mr. Hudson's generous and eloquent tribute to the labours of
Mr. Willans in perfecting his engine in the face of many difficulties
and drawbacks. But I do not know why Mr. Hudson should treat
the outcome of so many years and labours as applicable to small
powers only. The Belfast engine already twice referred to is not a
very small engine, as regards power, and it need not be very much
enlarged to cover all the ground at present open to us in lighting
stations; in fact, a number of engines exceeding the 600 I.H.P.
named by Mr. Hudson are in course of manufacture, differing
from the other in nothing but size. No doubt, as regards results,
the Belfast engine stands alone, for no such large engine has been
tried since ; but if the interchangeable system has a special merit,
it is that one may say, Ex uno disce omnes, with just a little more
confidence than if it were one's fate to work always upon varying
lines.

Mr. Hudson writes of a recent case where a Willans engine of
six cylinders drives the mill, and another, also with six cylinders,
drives the air pump. I know of only three mills driven by Willans
engines large enough to be fairly caUed mill engines. In two of
these a simple form of air pump is driven by ropes from the mill
shafting; in the third there is no air pump at all, the vacuum being
maintained by other means. Originally, in this latter case, there
were certain pumps driven by a small double-tandem compound
engine (which also served as the barring engine, as it still does),
but it never had six cylinders.

APPENDIX B.

KEPORT ON WEAR ON VARIOUS PARTS OF WILLANS PATENT CENTRAL-

VALVE COMPOUND ENGINE NO. 1,015, G-G SIZE, 80 I.H.P.,
AFTER 5 YEARS' WORK.

The engine is used for lighting the Ferry Works, and for supplying power to
the various electric motors. The average run is 13 hours per day, and it works six
days per week. The total run amounts to about 1,560 days, or 20,280 hours, or
about 535,392,000 revolutions.

WEAR.
The following figures, and the diagrams, refer to the parts in each line which



Fig. 1.

Wear 008' 001"oval

Hollow place 0015dcep>
Wear 007" 0015"ovaL

Wear 009" 002"oval

Fig 2.

-Wear-02Z" 00l5"o\>aZ

WearOW round,

Wear 0265° 007" oval.

Wear- 026 • O015"

EufJbJPressiire, fy'Hruler.

Low Pr-essiire Cylinder.

ifl. 3. Fig. 4.

Wear -01€
Fig. 7. Fig. 8.

jVfear008" Wear 0075",
Fig. y.

Wear 0025" No wear-.

Gnvved & Wear 001"
! Wear 002"

Wear 0016
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show; most wear. The wear in the other similar part is in each case either the Mr.
, . , , Robinson,

same as stated, or less.
Iiow-Pressure Trunks.—Wear from gland rings :—

Low-pressure steam gland ring has reduced trunk 0-002 :"ch in diameter.
Air buffer ., ,, ,, 0-015 ,, „

(The inside wear clue to the valves could not be measured accurately, but it
amounts to about 0'002 inch.)

High-Pressure Trunks.
Outside wear due to gland rings ... ... ... ... 0'003 inch.
Inside wear due to valves (approximately) 0-002 ,,

Cylinders.—For the wear in these see Figs. 1 and 2.
Connecting-Rod Brasses.—Worn in the crown C-02 inch.
Cross-Head Pin.—See Fig. 3. Battered in at A by pressure of rib in guide

piston 0-001 inch. Wear at B due to little end of connecting-rod, 0 002 inch.
Valve Guide Pin.—See Fig. 4. Wear due to little end of eccentric rod,

0-004 inch.
Connecting-Rod.—Small end bush wear, nil.
Eccentric Rod.—See Fig. 5. AVear in the bush in the small end is 0002

inch in diameter, that along the line A B amounts to 0-03 inch, and that in the strap
varies from 0-075 inch to 0-15 inch.

Crank-Shaft.—See Fig. 0. The grooves worn at the ends* are ^ inch in
depth at the governor end, and ^ inch at the dynamo end. The wear on the
journals varies fromO 001 inch to 0-002 inch, while that on the eccentrics is nil; that
on all four crank-pins is 0 007 inch, all being quite alike, but they may have been
as much as 0-003 inch below standard size originally.! All pins and journals are
absolutely round.

Main Bearings.—See Figs. 7, 8, 9. The wear in these varies from 0 at the
governor end to 0*016 inch at the dynamo end.

REPAIRS AND RENEWALS.
Cylinders.—To be recessed at top and bottom of stroke of piston rings, in

accordance with present practice. The gland ring faces to have ridges taken down.
Glands.—The gland boxes to have the ridges taken down, and to be let

together. One new high-pressure and two new low-pressure gland rings to be put in.
Air Buffer Glands.—The box faces to have ridges taken off. Kings perfect.
Trunks.—To be recessed at end of ring travel inside and outside.
Connecting-Rods.—Do not touch.
Connecting-Rod Brasses.—Do not touch.
High-Pressjire Pistons.—Do not touch.
Low-Pressure Pistons.—To be let together.
High- and Low-Press are Piston Rings.—Take the ridges off the springs ;

otherwise quite good.
Valve Rings.—Renew these (two low-pressure and three high-pressure in

each line).
It is not absolutely necessary to renew either the gland or valve ringa, but, as

we hope to ruu an equal time without further repairs, it is better to start with rings
fitting the present diameters.

FERRY WORKS, THAMES DITTOS, P. A. LOW.
lGtfi Mat/, 1895.

* Due to the picking employed, which is dispensed with in Inter engines, a centrifugal gland,
causing no wear, being substituted.

t The maximum deviation allowed from standard size.

VOL. XXIV. 37
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Upon the motion of the PRESIDENT, a vote of thanks was passed
by acclamation to the Society of Arts for the use of their rooms
for the last three meetings of the Institution.

Edmondso-i ^ r* J° s ePn Edmondson exhibited his Zero-Torque Electricity
Meter, of which the following description was given :—

The zero-torque electricity meter, as its name implies, consists
of a zero-reading dynamometer, combined with mechanism for
measuring and integrating, at short intervals, the torque exerted
on the moving coil by the current going into consumption.

The Siemens dynamometer is familiar to electricians as an
instrument of the utmost simplicity and accuracy, giving, when
coupled as a wattmeter, absolutely proportional readings
throughout any range. Its obvious advantages in these respects
point to it—in a form somewhat modified, but retaining all its
essential features—as a pre-eminently suitable basis for a supply
meter, and numerous attempts have been made to adapt it to this
purpose. Heretofore, however, the action of all such instruments
has depended on complicated arrangements for making and
breaking contact. In the zero-torque meter these are entirely
avoided. The moving coil of the dynamometer is in a closed
circuit which is never broken. It carries a small steel stop
which controls the registering without in the slightest degree
interfering with the free and frictionless action of the instrument.

The motion of the moving coil being limited to an arc of less
than 1°, permits the use of a durable steel wire suspension instead
of the delicate suspension of the ordinary dynamometer. A
torque of about 90° is given to the usual spiral spring every two
minutes by a reciprocating quadrant, or " mangle-wheel," driven
by a vibrating motor consisting of a magnet and its armature.
This motor is controlled by a small gravity-driven pendulum,
starting automatically and having a sparkless contact (Oulton &
Edmondson's patent).

The action of the instrument is illustrated by Figs. 1 and 2,
in which A is an arm pivoted at Gr, carrying a click working into
a ratchet-wheel, and driving the registering train. It receives a
reciprocating motion from the vibrating motor. Fixed on its?


